Moreover, T4 was the most frequently isolated genotype in both recreational and domestic water.
INTRODUCTION
. The aim of this study was to expand on previous work by including more recreational sites such as mineral springs and baths. Jamaica has many different aquatic habitats where amoebae can thrive and pose a health risk to residents and visitors. Therefore, elucidation of the distribution and pathogenic potential of these organisms will offer insight into potential risks for infection.
MATERIALS AND METHODS

Amoebae isolation
Eighty-three recreational water samples were collected from popular sites used for swimming, bathing, boating or garment laundering from the 14 parishes of Jamaica. These sites included beaches, the banks of lagoons, rivers, ponds, mineral springs and streams. Eighty-one domestic water samples were collected from the bathroom showers of randomly selected homes from across the country. Where there was no municipal running supply to the homes, water was collected from drums, storage tanks or outside taps used for bathing.
Approximately one litre of each water sample was filtered through a cellulose nitrate filter, 0.45 μm diameter (Millipore Corporation, Bedford, Madison, Wisconsin) with a weak manifold vacuum system (flow rate, 1.3 ml/min). 
Sequencing and genotyping of strains
Polymerase chain reaction (PCR) products were purified using the QIAquick PCR purification kit ( 
Tolerance assays
Osmotolerance is the ability of amoebae to grow at extremities of salinity. Two percent non-nutrient agar plates containing mannitol 0.5 M and 1.0 M, and seeded with heat-killed E. coli were used to investigate osmotolerance.
Approximately 10 3 trophozoites were inoculated onto the centre of the non-nutrient agar plates. Plates were observed for amoebae growth using an inverted microscope after 24, 48 and 72 hours. To investigate thermotolerance, the ability of amoebae to grow at temperature extremities, approximately 10 3 trophozoites were inoculated in the centre of different non-nutrient agar plates seeded with heat-killed E. coli. The initial isolation was done at room temperature in order to isolate all species and genotypes of Acanthamoeba present in the sample and not only thermotolerant hours. This plate was used as a control and the procedure was repeated using positive controls (Chan et al. ) .
Plates that had amoebae growth of <50 (þ), 50-100 (þþ ) and >100 (þþþ) outside of the point of inoculation were categorized as displaying 'low pathogenic potential', 'moderate pathogenic potential', or 'high pathogenic potential', respectively.
RESULTS AND DISCUSSION
Acanthamoeba spp. were found in 50.6% (42/83) and 17.3% (14/81) of recreational and domestic water, respectively.
The sample sites were located close to the coastline of Jamaica because this was the location of most of the popular points used for recreational activity (Figure 2 ). Acanthamoeba were identified by observing the morphology of trophozoites and cysts using an inverted microscope.
Acanthamoeba spp. with endocysts possessing three to seven arms were isolated from the water samples ( Figure 3 ).
Based on the characteristic of the endocyst, some samples contained more than one amoeba isolate. 
to the T4 genotype. The remaining samples contained isolates belonging to the T3 (7.14%) and T11 (7.14%) genotypes. The T4 isolates either displayed high pathogenicity (3/6) or moderate pathogenicity (3/6) at 37 W C, while all showed low pathogenicity in 1 M mannitol. The T3 and T11 isolates displayed moderate and high pathogenicity at 37 W C, respectively; however, they displayed low pathogenicity in 1 M mannitol. Half of the isolates displayed high pathogenicity while the remaining half displayed moderate pathogenicity at 37 W C. Therefore, all the isolates were thermotolerant and were considered to be potentially pathogenic to humans and other animals. The T3 isolate was identified as A. griffini (Table 1) 
hatchetti from the Baltimore Harbour in Maryland. In 2005,
Lorenzo-Morales and others reported the finding of Acanthamoeba in 49.6% and 26.4% of sea and river water, respectively in Jamaica. In this study, Acanthamoeba was isolated from 64.0% and 28.6% of sea and river water, respectively.
Most of the beaches in Jamaica are used for swimming, water sport activities and fishing all year round because of the tropical climate of the country. This may result in heavy human use compared to the beaches of countries with a temperate climate. The high prevalence of Acanthamoeba (50.6%) in recreational water including beaches indicates that persons are exposed to them quite frequently during swimming or water sports. GAE is a rare disease and there are no reported cases from Jamaica; however, one case of AK has been reported (Wynter-Allison et al. ). There are no studies on the prevalence of contact lens wear in Jamaica or on the level of education regarding contact lens use, which may also contribute to the low incidence of AK in Jamaica. The absence of reported cases may also be due to misdiagnosis of cases due to lack of awareness, high immunity or low infectivity rates despite high osmotolerance.
There are no molecular diagnostic facilities established for FLA in Jamaica. A serological survey of Jamaicans for antibodies to Acanthamoeba may be helpful in understanding exposure patterns associated with recreational water contact.
Normally, the distribution of FLA, especially Acanthamoeba, is high in environmental sources with a low incidence of amoebic infections (Schuster et al. ) . Thermotolerance and osmotolerance are objective assessments of pathogenic potential and indicate the behaviour of amoebae under stressful conditions. Further assessment of the pathogenic potential of amoebae needs to be done by conducting PCR with primers that are specific for serine proteases as an indicator of pathogenicity.
CONCLUSIONS
The study showed that Acanthamoeba with varying levels of pathogenicity were recovered from Jamaican waters that hosted human activity for recreation and domestic use.
There is potential risk of infection for contact wearers who practise poor lens care from waterborne exposure to the organisms. Further, Acanthamoeba should be considered as a cause of neurological infections in Jamaica. This is the first report of A. griffini, A. triangularis, A. lenticulata, A. culbertsoni and A. hatchetti in water sources in Jamaica and also of the T3 and T10 genotypes.
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